Discovery of An Extremely Metal--Poor Galaxy: Optical Spectroscopy of UGCA 292 by Van Zee, L





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2and is comparable to DDO 154 (Homan et al. 1993) and
H I 1225+01 (Salzer et al. 1991).
Given its low luminosity, blue colors, and relative gas{
richness, UGCA 292 was one of the best candidates in the
H imaging sample to be a low metallicity galaxy. The
results of optical spectroscopy of two H II regions in this
low luminosity galaxy are presented in this Letter.
Fig. 1.| H image of UGCA 292. The two HII regions are la-
belled, and the positions and orientations of the spectroscopic slits
are shown.
2. SPECTROSCOPIC OBSERVATIONS
Optical spectroscopy of two brightest H II regions in
UGCA 292 were obtained with the Double Spectrograph
on the 5m Palomar
2
telescope on 2000 January 31; the
observations consisted of three 1200 second exposures cen-
tered on each H II region (Figure 1). Since the H II regions
were not visible on the guider camera, the long slit (2
0
) was
centered on a nearby star and then moved to the H II re-
gion. To minimize the eects of atmospheric dierential
refraction, the observations were conducted near transit
and the 2
00
wide slit was oriented East{West to match the
parallactic angle. The observations of UGCA 292{1 be-
gan shortly before transit; the airmass was 1.00 during all
three exposures. UGCA 292{2 was observed post{transit
when the parallactic angle was 83
Æ
; the airmass increased
from 1.01 to 1.07 during the observations.
Complete spectral coverage from 3600{7600

A was ob-
tained by using a 5500

A dichroic to split the light into
two beams (blue and red). The blue camera was equipped
with a 600 l/mm diraction grating while the red cam-
era was equipped with a 316 l/mm grating. Both sides of
the spectrograph were equipped with thinned 1024  1024
Tek CCDs, with gains of 2.0 e
 
/ADU and read noises of
8.6 e
 
(blue) and 7.5 e
 
(red). The eective spectral res-









A/pix) on the red side. The spatial scale of the
long slit was 0.62
00




The spectra were reduced and analyzed with the IRAF
3
package. The spectral reduction included bias subtraction,
scattered light corrections, and at elding with both twi-
light and dome ats. The 2{dimensional images were rec-
tied based on the arc lamp observations and the trace of
stars at dierent positions along the slit. One dimensional
spectra of the H II regions were extracted from the rectied
images using a 3
00
extraction region (slightly larger than
the seeing disk at the time of the observation). Relative
ux calibration was obtained by observations of standard
stars from the list of Oke (1990). Since the night was non{
photometric, only the standard stars observed contiguous
to the UGCA 292 observations were used to generate the
sensitivity function. The optical spectra are shown in Fig-
ure 2.
Fig. 2.| Optical spectra of H II regions in UGCA 292; the major
lines are marked. Note the weakness of [NII], which clearly indicates
that these H II regions are metal{poor.
3. RESULTS
Derivation of oxygen and nitrogen abundances for the
H II regions followed the methods described in van Zee et
al. (1998). The reddening along the line of sight to each
H II was derived from the observed line strengths of the
Balmer emission lines. Since the derived reddening correc-
tion is formally zero, the emission line ratios tabulated in
Table 1 are the observed line ratios; however, the quoted
errors in the emission line ratios include the uncertainty as-
sociated with the reddening correction. In addition, while
the line ratios for the higher order Balmer lines indicate
that there may be as much as 2

A EW of underlying stellar
absorption in UGCA 292{2, the tabulated values do not
include a correction for stellar absorption; application of
such a correction has only a minor eect on the derived
oxygen and nitrogen abundances.
The temperature sensitive line [OIII] 4363 was de-
2
Observations at the Palomar Observatory were made as part of a continuing cooperative agreement between Cornell University and the
California Institute of Technology.
3
IRAF is distributed by the National Optical Astronomy Observatories.
3tected in both H II regions, so the electron temperature
could be determined directly using the emissivity coeÆ-
cients from a version of the FIVEL program (De Robertis,
Dufour, & Hunt 1987). The derived electron temperatures
are high, but are similar to those found in other low metal-
licity galaxies (e.g., Skillman & Kennicutt 1993; Skillman
et al. 1994; Thuan et al. 1995). The derived oxygen and
nitrogen abundances for the H II regions are listed in Ta-
ble 1. The derived oxygen abundances are similar for both
H II regions, indicating that the overall oxygen abundance
in UGCA 292 is 7.30  0.05, or 1/42 of solar. That is,
UGCA 292 has an oxygen abundance which is comparable
to those of SBS 0335-052 (Izotov & Thuan 1999) and Leo
A (Skillman, Kennicutt, & Hodge 1989; van Zee, Skillman,
& Haynes 2000), and only slightly higher than that of I Zw
18 (Skillman& Kennicutt 1993). In contrast to SBS 0335-
052 and I Zw 18, both UGCA 292 and Leo A are relatively
nearby galaxies with only moderate star formation rates.
Table 1
Optical Line Intensities for UGCA 292
Ionic Rest UGCA 292{1 UGCA 292{2
Species Wavelength I()/I(H) I()/I(H)
[OII] 3728 0.834  0.031 0.503  0.022
[NeIII] 3869 0.103  0.008 0.175  0.011
H 4340 0.468  0.015 0.444  0.015
[OIII] 4363 0.038  0.007 0.043  0.008
H 4861 1.000  0.026 1.000  0.027
[OIII] 4959 0.492  0.014 0.584  0.017
[OIII] 5007 1.441  0.037 1.841  0.048
[NII] 6548 0.011  0.002 0.010  0.002
H 6563 2.630  0.090 2.668  0.093
[NII] 6584 0.030  0.003 0.021  0.003
He 6678 0.022  0.002 0.030  0.003
[SII] 6716 0.053  0.003 0.031  0.003
[SII] 6731 0.039  0.003 0.024  0.003
He 7065 0.021  0.003 0.028  0.003
[ArIII] 7136 0.019  0.002 0.028  0.003
c
H



























1.13  0.18 1.57  0.28
12 + log(O/H) 7.28  0.05 7.32  0.06
log(N/O) {1.50  0.09 {1.43  0.10
As one of the two nearest low metallicity galaxies,
UGCA 292 provides a unique opportunity to investigate
the evolutionary status of gas{rich, metal{poor galaxies in
the local universe. A fundamental issue is whether these
galaxies represent a population of \young" galaxies, which
are undergoing their rst episode of star formation at the
present epoch. Based on the relative enrichment of oxygen
and nitrogen, Izotov & Thuan (1999) argue that metal{
poor galaxies are extremely young, with absolute ages less
than 40 Myr. However, it is also possible that metal{poor
galaxies have faint old stellar populations, but appear to
be relatively unevolved because their previous star forma-
tion rates were extremely low (e.g., Legrand et al. 2000).
Clearly, detailed star formation histories of metal{poor
galaxies are necessary to resolve this issue, but most of
the starbursting galaxies are too distant to make such an
analysis feasible. However, the H II regions in UGCA 292
have similarN/O abundances [log(N/O)= {1.46 0.10] as
the star bursting dwarf galaxies in Izotov & Thuan (1999),
and UGCA 292 is close enough to us that its stellar pop-
ulation should be well resolved by the Hubble Space Tele-
scope. Thus, future resolved stellar photometry of UGCA
292 will provide an important test of the hypothesis that
all low metallicity galaxies are young.
An additional concern may be whether the observed ele-
mental abundances in metal{poor galaxies are representa-
tive of the chemical evolution which has taken place. For
instance, an extremely low mass galaxy may not retain its
enriched materials if supernovae ejecta have suÆcient ki-
netic energy to escape the shallow gravitational potential
well (e.g., Dekel & Silk 1986; Mori et al. 1997; Silich &
Tenorio{Tagle 1998; Mac Low & Ferrara 1999). In par-
ticular, mass loss of enriched material through supernovae
\blow{out" may be important for starbursting galaxies,
where multiple supernovae can signicantly disrupt the in-
terstellar medium (e.g., Martin 1998; D'Ercole & Brighenti
1999). On the other hand, for galaxies with more moder-
ate star formation activity, such as UGCA 292, mass loss
is less likely to occur.
To determine if enriched gas outow has occurred in
UGCA 292, the expected metallicity for a simple closed{
box approximation was calculated from the observed lu-
minosity and gas content:




where y is the elemental yield and  is the gas mass frac-
tion, derived from the total baryonic mass. Adopting a
stellar mass{to{light ratio of 0.35 and an oxygen yield of
2/3 solar, appropriate for a Salpeter IMF, the predicted
closed{box abundance is 12 + log(O/H) = 7.28, in remark-
able agreement with the observed abundance. Thus, it ap-
pears that UGCA 292 has not lost a signicant fraction of
its enriched material, and that the low oxygen abundance
is representative of the chemical evolution of the galaxy.
4. DISCUSSION
Of a total sample of 25 low luminosity galaxies (van
Zee et al. 1996; van Zee, Haynes, & Salzer 1997; van Zee
& Haynes, in prep), UGCA 292 was the only extremely
low metallicity galaxy that was not previously identied
as such. Other surveys of starbursting dwarf galaxies have
shown how diÆcult it is to nd metal{poor galaxies (e.g.,
Terlevich et al. 1991), so the low success rate of this sur-
vey was not unexpected. Nonetheless, it is discouraging
to note that galaxies of lower luminosity than UGCA 292
were included in the sample, yet no other extremely metal{
poor galaxies were found. In particular, if the luminosity{
metallicity relation is valid on all mass scales (as indicated
by Skillman, Kennicutt, & Hodge 1989; Zaritsky, Kenni-
cutt, & Huchra 1994; Richer & McCall 1995), low luminos-
ity galaxies should have been ideal metal{poor candidates.
While a certain amount of scatter may be introduced into
the luminosity{metallicity relation as a result of poorly
determined distances, it is interesting to note that, with
the exception of UGCA 292, all of the extreme low lu-
minosity galaxies observed for this project are relatively
gas{poor, and their observed metallicities are higher than
predicted from the luminosity{metallicity relation of Skill-
man, Kennicutt, & Hodge (1989). This suggests that the
apparent luminosity{metallicity relation may be a result
of selection eects. Most of the galaxies which have mea-
sured oxygen abundances are gas{rich, and are actively
4forming stars (i.e., H II regions exist). That is, aside from
their luminosity (mass), their other physical parameters
(gas mass fraction, surface brightness, etc.) are very simi-
lar. Galaxies which are gas{poor at the present time, i.e.,
galaxies which have processed a large fraction of their ma-
terials, are usually excluded from emission{line metallicity
studies since it is very diÆcult to obtain an accurate oxy-
gen abundance for galaxies with faint (or non{existent)
H II regions. With the exception of UGCA 292, the other
low luminosity galaxies observed for this project appear to
have processed a large fraction of their baryonic material,
and thus may have enriched their interstellar medium be-
yond that predicted by the gas{rich luminosity{metallicity
relation.
Thus, an ideal survey for low metallicity galaxies should
not only target low luminosity galaxies, but should also
require that the galaxies be gas{rich, in order to increase
the probability that they are relatively unevolved. While
it is unlikely that there are many more nearby previously
identied galaxies which are metal{poor (like UGCA 292),
a viable approach may be to identify new gas{rich galaxies
from H I surveys of the local universe. There are several
blind H I surveys currently underway that should yield
interesting targets for future spectroscopic observations
(e.g., Zwaan et al. 1997; Spitzak & Schneider 1998; Banks
et al. 1999; Webster et al. 1999). The fact that UGCA
292 was rst discovered in such a survey is also suggestive
that this may be an eÆcient means to identify additional
metal{poor galaxies.
5. CONCLUSIONS
The results presented here, and those from other sur-
veys, indicate that there are a few galaxies in the local
universe which have very low, almost primordial, oxygen
abundances. The observed oxygen abundance in UGCA
292 is the third lowest of known star forming galaxies and
is consistent with a simple closed{box chemical evolution
model. The observed N/O ratio is similar to those found
in other low metallicity galaxies, and is consistent with
a primary origin for nitrogen in extreme low metallicity
galaxies. The identication of another metal{poor galaxy
in the nearby universe suggests that there may be sev-
eral relatively unevolved galaxies at the present epoch.
However, the question of whether some dwarf galaxies are
\young," undergoing their rst episodes of star formation,
is still open. A conclusive answer to this question may be
obtained from future observations of the resolved stellar
population in UGCA 292.
Martha Haynes is gratefully acknowledged for provid-
ing access to the Palomar 5m for these and other abun-
dance measurements. Elizabeth Barton, Evan Skillman,
and Martha Haynes provided helpful comments on early
versions of this paper.
REFERENCES
Anders, E., & Grevesse, N. 1989, Geochim. Cosmochim. Acta, 53,
197
Banks, G. D. et al. 1999, ApJ, 524, 612
Chiappini, C., Matteucci, F., & Gratton, R. 1997, ApJ, 477, 765
D'Ercole, A., & Brighenti, F. 1999, MNRAS, 309, 941
De Robertis, M. M., Dufour, R. J., & Hunt, R. W. 1987, JRASC,
81, 195
Dekel, A., & Silk, J. 1986, ApJ, 303, 39
Homan, G. L., Lu, N. Y., Salpeter, E. E., Farhat, B., Lamphier, C.,
& Roos, T. 1993, AJ, 106, 39
Izotov, Y. I., Chaee, F., Foltz, C. B., Green, R. F., Guseva, N. G.,
& Thuan, T. X. 1999, ApJ, 527, 757
Izotov, Y. I., Lipovetsky, V. A., Guseva, N. G., Kniazev, A. Y. &
Stepanian, J. A. 1990, Nature, 343, 238
Izotov, Y. I., & Thuan, T. X. 1999, ApJ, 511, 639
Kniazev, A. Y., Pustilnick, S. A., Masegosa, J., Marquez, I.,
Ugryumov, A. V., Martin, J. M., Izotov, Y. I., Engels, D., Brosch,




Ostlin, G. 1999, preprint (astro-ph/9911094)
Kunth, D., & Sargent, W. L. W. 1983, ApJ, 273, 81
Legrand, F., Kunth, D., Roy, J.{R., Mas{Hesse, J. M., & Walsh, J.
R. 2000, A&A, 355, 891
Lo, K. Y., & Sargent, W. L. W. 1979, ApJ, 227, 756
Mac Low, M.{M., & Ferrara, A. 1999, ApJ, 513, 142
Makarova, L., Karachentsev, I., Takalo, L. O., Heinamaki, P., &
Valtonen, M. 1998, A&AS, 128 459
Martin, C. L. 1998, ApJ, 506, 222
Masegosa, J., Moles, M., & Campos{Aguilar, A. 1994, ApJ, 420, 576
Mathews, G. J., Boyd, R. N., & Fuller, G. M. 1993, ApJ, 403, 65
Melnick, J., Heydari{Malayeri, M., & Leisy, P. 1992, A&A, 253, 16
Mori, M., Yoshii, Y., Tsujimoto, T., & Nomoto, K. 1997, ApJ, 478,
L21
Oke, J. B. 1990, AJ, 99, 1621
Olive, K. A., Steigman, G., & Skillman, E. D. 1997, ApJ, 483, 788
Pagel, B. E. J., Simonson, E. A., Terlevich, R. J., & Edmunds, M.
G. 1992, MNRAS, 255, 325
Richer, M. G., & McCall, M. L. 1995, ApJ, 445, 642
Salzer, J. J., di Serego Aligheri, S., Matteucci, F., Giovanelli, R., &
Haynes, M. P. 1991, AJ, 101, 1258
Samland, M., Hensler, G., & Theis, Ch. 1997, ApJ, 476, 544
Searle, L., & Sargent, W. L. W. 1972, ApJ, 173, 25
Silich, S. A., & Tenorio{Tagle, G. 1998, MNRAS, 299, 249
Skillman, E. D., & Kennicutt, R. C. 1993, ApJ, 411, 655
Skillman, E. D., Kennicutt, R. C., & Hodge, P. W. 1989, ApJ, 347,
875
Skillman, E. D., Melnick, J., Terlevich, R., & Moles, M., A&A, 196,
31
Skillman, E. D., Terlevich, R., J., Kennicutt, R. C., Garnett, D. R.,
& Terlevich, E. 1994, ApJ, 431, 172
Skillman, E. D., Terlevich, R., & Melnick, J. 1989, MNRAS, 240, 563
Spitzak, J. G., & Schneider, S. R. 1998, ApJS, 119, 159
Terlevich, R., Melnick, J., Masegosa, J., Moles, M., & Copetti, M.
V. F., 1991, A&AS, 91, 285
Thuan, T. X., Izotov, Y. I., & Lipovetsky, V. A. 1995, ApJ, 445, 108
Tinsley, B. M., & Larson, R. B. 1978, ApJ, 221, 554
van Zee, L. 2000a, AJ, 119, 2757
van Zee, L. 2000b, AJ, submitted
van Zee, L. & Haynes, M. P. 2000, in prep
van Zee, L., Haynes, M. P., & Salzer, J. J. 1997, AJ, 114, 2497
van Zee, L., Haynes, M. P., Salzer, J. J., and Broeils, A. H. 1996,
AJ, 112, 129
van Zee, L., Salzer, J. J., Haynes, M. P., O'Donoghue, A. A., &
Balonek, T. J. 1998, AJ, 116, 2805
van Zee, L., Skillman, E. D., & Haynes, M. P. 2000, in prep
Webster, R. L., Kilborn, V., O'Brien, J. C., Stavely-Smith, L.,
Putman,M. E., & Banks, G. 1999, in \The Low SurfaceBrightness
Universe," ASP Conf. Series 170, ed. J. I. Davies, C. Impey, and
S. Phillipps, (San Francisco: ASP) p. 291.
Young, L. M., van Zee, L., & Lo, K. Y. 2000, in prep
Zaritsky, D., Kennicutt, R. C., & Huchra, J. P. 1994, ApJ, 420, 87
Zwaan, M. A., Briggs, F. H., Sprayberry, D., & Sorar, E. 1997, ApJ,
490, 173
